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for a mental disorder diagnosis protocol and an method
thereof that may determine at least one test region to be
examined for a predetermined mental disorder diagnosis in
a brain image of a patient based on a first artificial neural
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which the brain image is to be used for the mental disorder
diagnosis.

18 Claims, 13 Drawing Sheets

Computer system (100}

Input module
(110)

Memory
(130)

Output module
(120

Processor
(140)




US 11,823,383 B2
Page 2

(58) Field of Classification Search
CPC ... GO6T 2207/10088; GO6T 2207/10104;
GO6N 3/045; GO6N 3/044; GO6N 3/08;
GO6N 20/00; G16H 20/70; G16H 50/20;
G16H 50/30; G16H 50/70
See application file for complete search history.

(56) References Cited
U.S. PATENT DOCUMENTS

2017/0251985 Al* 9/2017 Howard
2019/0133446 Al* 5/2019 Emerson ...

G16H 70/60
.. A61B 5/4064

2019/0148021 Al* 5/2019 Styner GO6N 20/10

705/2
2019/0209097 Al* 7/2019 Martien ............... A61B 5/7282
2023/0015296 Al* 12023 Klin ..o G16H 50/30

FOREIGN PATENT DOCUMENTS

WO 2019112050 Al 6/2019
WO 2020218460 Al  10/2020

OTHER PUBLICATIONS

“Artificial intelligence predicts symptoms of autism and severity,”
S pages, Yonsei University Severance, Aug. 8, 2020.

* cited by examiner



U.S. Patent

Nov. 21,2023 Sheet 1 of 13

FI1G. 1
Computer system (100)
Input module Memory
(110) (130)
Output module Processor
(120 (140)

US 11,823,383 B2



U.S. Patent Nov. 21,2023 Sheet 2 of 13 US 11,823,383 B2

FIG. 2

Tnput; vectorized medical multimodal data (e.g., MRI, PET, TST, behavioral test results,
CBC results, EEG, ....)

MRI | PET | TST |behaviory CBC | EEG

Output 1: Presence or absence of

disorder and probability S S O
SENPTIII Learn optimal tD
m ‘ Learn high-dimensional gr deroé)olicy forb ‘
Odiseased <:l Alats ; . ) ! !
ahealth | relation befween test disorder diagnosis |
§ '

results and disease
(RNN based RL)

L_ (DNN)
((,Attention Control 1 l, Attention Control ?

(e.g., Attention model)

L_ (e.g., CAM) (
@ Output 2: Diagnosis guideline @

Importance of medical PET
multimodal data )
= ... |:Personalized

60 il ~
4 55 test order for each
20 L s ol rop o MR} individual patient
R e e A
MRIPET TST Behavior CBC FEG... TST




U.S. Patent Nov. 21,2023 Sheet 3 of 13 US 11,823,383 B2

FIG. 3A

B,
PR
.,

SO i S




U.S. Patent Nov. 21,2023 Sheet 4 of 13 US 11,823,383 B2

FIG. 3B
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FIG. 4B
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FIG. 4C
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FIG. 6A
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FIG. 6B
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COMPUTER SYSTEM FOR
AUTOMATICALLY SEARCHING FOR
MENTAL DISORDER DIAGNOSIS
PROTOCOL AND METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority benefit of Korean
Patent Application No. 10-2020-0156681, filed on Nov. 20,
2020, in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein by reference in its
entirety.

BACKGROUND
1. Field of the Invention

The following description of example embodiments
relates to a computer system for automatically searching for
a mental disorder diagnosis protocol and a method thereof.

2. Description of the Related Art

In general, in the case of diagnosing a mental disease such
as autism spectrum disorder (ASD), it is very difficult to
independently draw an accurate conclusion due to its com-
plex psychiatric symptoms and insufficient neurobiological
evidence. Also, although the conclusion is drawn, there is a
difficulty in presenting variables that are medical structural
and strategic evidence supporting the corresponding conclu-
sion. In addition, it may be impossible to present an argu-
ment that lists a plurality of pieces of medical evidence used
to draw the conclusion in time-efficient diagnosis order.
Meanwhile, in the case of performing a simple classification
systemization on a high-complex mental disorder diagnosis
based on a typical modeling method, the reliability for
drawing a conclusion is not high due to black-box charac-
teristics.

SUMMARY

Example embodiments provide a computer system
capable of automatically searching for a highly reliable
mental disorder diagnosis protocol through an application
machine learning based on an artificial neural network and
a method thereof.

According to an aspect, there is provided a method
performed by a computer system, the method including
determining at least one test region to be examined for a
predetermined mental disorder diagnosis in a brain image of
a patient based on a first artificial neural network; determin-
ing a test process for the mental disorder diagnosis for the
patient based on a second artificial neural network; and
providing a test protocol for the mental disorder diagnosis
for the patient based on the test region and the test process.

According to another aspect, there is provided computer
system including a memory; and a processor configured to
connect to the memory and to execute at least one instruction
stored in the memory. The processor is configured to deter-
mine at least one test region to be examined for a predeter-
mined mental disorder diagnosis in a brain image of a patient
based on a first artificial neural network, determine a test
process for the mental disorder diagnosis for the patient
based on a second artificial neural network, and provide a
test protocol for the mental disorder diagnosis for the patient
based on the test region and the test process.
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According to another aspect, there is provided a non-
transitory computer-readable record medium storing instruc-
tions that, when executed by a processor, cause the processor
to perform the method including determining at least one
test region to be examined for a predetermined mental
disorder diagnosis in a brain image of a patient based on a
first artificial neural network; determining a test process for
the mental disorder diagnosis for the patient based on a
second artificial neural network; and providing a test pro-
tocol for the mental disorder diagnosis for the patient based
on the test region and the test process.

According to some example embodiments, a computer
system may automatically search for a highly reliable mental
disorder diagnosis protocol through an application machine
learning based on an artificial neural network and a method
thereof. Here, the computer system may determine a test
region to be examined for a mental disorder diagnosis in a
brain image and a test process for the mental disorder
diagnosis and may provide a test protocol for a patient as a
guideline for the mental disorder diagnosis of the patient
based on the determined test region and test process.
Through this, a user of the computer system may more
accurately and easily diagnose a mental disorder of the
patient based on the test protocol. Here, the user may
probabilistically diagnose presence or absence of the mental
disorder of the patient and may predict the severity of the
mental disorder, which may lead to reducing an amount of
time and cost used for the mental disorder diagnosis and
further quickly performing the mental disorder diagnosis at
high reliability.

Further regions of applicability will become apparent
from the description provided herein. The description and
specific examples in this summary are intended for purposes
of illustration only and are not intended to limit the scope of
the present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects, features, and advantages of
the invention will become apparent and more readily appre-
ciated from the following description of embodiments, taken
in conjunction with the accompanying drawings of which:

FIG. 1 is a diagram illustrating an example of a computer
system according to example embodiments;

FIG. 2 illustrates an example of describing an operation
characteristic of the computer system of FIG. 1;

FIGS. 3A and 3B illustrate examples of a first artificial
neural network of a computer system according to example
embodiments;

FIGS. 4A, 4B, 4C, and 4D illustrate examples of describ-
ing an operation characteristic of a first artificial neural
network of a computer system according to example
embodiments;

FIG. 5 illustrates an example of a second artificial neural
network of a computer system according to example
embodiments;

FIGS. 6A, 6B, and 6C illustrate examples of describing an
operation characteristic of a second artificial neural network
of a computer system according to example embodiments;
and

FIG. 7 is a flowchart illustrating a method performed by
a computer system according to example embodiments.

DETAILED DESCRIPTION

One or more example embodiments will be described in
detail with reference to the accompanying drawings.
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Example embodiments, however, may be embodied in vari-
ous different forms, and should not be construed as being
limited to only the illustrated embodiments. Rather, the
illustrated embodiments are provided as examples so that
this disclosure will be thorough and complete, and will fully
convey the concepts of this disclosure to those skilled in the
art. Accordingly, known processes, elements, and tech-
niques, may not be described with respect to some example
embodiments.

When a component is described to be on another com-
ponent, the component may be directly formed on the other
component or a third component may be provided between
the components. Also, in the drawings, thicknesses of com-
ponents may be exaggerated to effectively describe technical
content. Unless otherwise noted, like reference numerals
refer to like components throughout the attached drawings
and written description, and thus descriptions will not be
repeated.

The example embodiments described herein will be
described with the accompanying drawings. In the drawings,
thicknesses of layers, regions, etc., may be exaggerated for
effective description of the technical content. Accordingly,
regions illustrated in the drawings may have general attri-
butes and shapes of the regions are merely provided as
examples and not construed to limit the scope of the dis-
closure.

Hereinafter, the example embodiments are described with
reference to the accompanying drawings.

FIG. 1 is a diagram illustrating an example of a computer
system 100 according to example embodiments. FIG. 2
illustrates an example of describing an operation character-
istic of the computer system 100 of FIG. 1. FIGS. 3A and 3B
illustrate examples of a first artificial neural network of the
computer system 100 according to example embodiments.
FIGS. 4A, 4B, 4C, and 4D illustrate examples of describing
an operation characteristic of the first artificial neural net-
work of the computer system 100 according to example
embodiments. FIG. 5 illustrates an example of a second
artificial neural network of the computer system 100 accord-
ing to example embodiments. FIGS. 6A, 6B, and 6C illus-
trate examples of describing an operation characteristic of
the second artificial neural network of the computer system
100 according to example embodiments.

Referring to FIG. 1, the computer system 100 according
to example embodiments may include at least one of an
input module 110, an output module 120, a memory 130, and
a processor 140. In some example embodiments, at least one
of components of the computer system 100 may be omitted
and at least one another component may be added. Depend-
ing on example embodiments, at least two of the compo-
nents of the computer system 100 may be implemented as a
single integrated circuit. Here, the computer system 100 may
include at least one device, for example, at least one of at
least one server and at least one electronic device. In some
example embodiments, when the computer system 100
includes a plurality of devices, the components of the
computer system 100 may be configured in one of the
plurality of devices or may be distributed over at least two
of the plurality of devices.

The input module 110 may input a signal to be used for
at least one component of the computer system 100. The
input module 110 may include at least one of an input device
configured to allow a user to directly input a signal to the
computer system 100, a sensor device configured to sense a
peripheral change and to create a signal, and a reception
device configured to receive a signal from an external
device. For example, the input device may include at least
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one of a microphone, a mouse, and a keyboard. In some
example embodiments, the input device may include at least
one of a touch circuitry configured to sense a touch and a
sensor circuitry configured to measure strength of a force
generated by the touch.

The output module 120 may output information to an
outside of the computer system 100. The output module 120
may include at least one of a display device configured to
visually output information, an audio output device config-
ured to output information as an audio signal, and a trans-
mission device configured to wirelessly transmit informa-
tion. For example, the display device may include at least
one of a display, a hologram device, and a projector. For
example, the display device may be implemented as a
touchscreen through assembly with at least one of the touch
circuitry and the sensor circuitry of the input module 110.
For example, the audio output device may include at least
one of a speaker and a receiver.

According to an example embodiment, the reception
device and the transmission device may be implemented as
a communication module. The communication module may
communicate with an external device in the computer sys-
tem 100. The communication module may establish a com-
munication channel between the computer system 100 and
the external device and may communicate with the external
device through the communication channel. Here, the exter-
nal device may include at least one of a satellite, a base
station, a server, and another computer system. The com-
munication module may include at least one of a wired
communication module and a wireless communication mod-
ule. The wired communication module may connect to the
external device in a wired manner and may communicate
with the external device in a wired manner. The wireless
communication module may include at least one of a near
field communication module and a far field communication
module. The near field communication module may com-
municate with the external device through a near field
communication scheme. For example, the near field com-
munication scheme may include at least one of Bluetooth,
wireless fidelity (Wi-Fi) direct, and infrared data association
(IrDA). The far field communication module may commu-
nicate with the external device through a far field commu-
nication scheme. Here, the far field communication module
may communicate with the external device over a network.
For example, the network may include at least one of a
cellular network, the Internet, and a computer network such
as a local area network (LAN) and a wide area network
(WAN).

The memory 130 may store a variety of data used by at
least one component of the computer system 100. For
example, the memory 130 may include at least one of a
volatile memory and a non-volatile memory. The data may
include at least one program and input data or output data
related thereto. The program may be stored in the memory
130 as software that includes at least one instruction and
may include at least one of an operating system (OS),
middleware, and an application.

The processor 140 may control at least one component of
the computer system 100 by executing the program of the
memory 130. Through this, the processor 140 may perform
data processing or operation. Here, the processor 140 may
execute an instruction stored in the memory 130.

According to example embodiments, the processor 140
may provide a test protocol for a mental disorder diagnosis
from a brain image of a patient. For example, mental
disorder may include autism spectrum disorder (ADS).
Here, the test protocol represents a test policy for the mental
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disorder diagnosis of the patient and may include at least one
test region in the brain image and a test process. Here, the
test region may represent a region to be examined for the
mental disorder diagnosis in the brain image. A plurality of
test stages may be present for the mental disorder diagnosis.
The test process may include at least one of progress order
of the plurality of test stages and test order of a plurality of
test regions in the brain image.

According to example embodiments, the processor 140
may provide a test protocol from a brain image of a patient
based on an artificial neural network. The artificial neural
network may include a first artificial neural network and a
second artificial neural network. Referring to FIG. 2, the
processor 140 may analyze vectorized medical multimodal
data being input, based on each of the first artificial neural
network and the second artificial neural network. Here, the
medical multimodal data may include a plurality of data
items acquired using different methods and the data items
may include the brain image and at least one another data
item. The brain image may be created through, for example,
at least one of magnetic resonance imaging (MRI) and
positron emission tomography (PET). The other data item
may include at least one of, for example, thromboplastin
screening test (TST) results, complete blood count (CBC)
results, and electroencephalogram (EEG) results. To this
end, the first artificial neural network and the second arti-
ficial neural network may be pretrained based on bigdata
that is pre-collected in association with the mental disorder
diagnosis. Referring to FIG. 2, the processor 140 may output
information regarding whether the patient has a mental
disorder and a corresponding probability based on analysis
results of the first artificial neural network and analysis
results of the second artificial neural network. Here, the
processor 140 may combine the analysis results of the first
artificial neural network and the analysis results of the
second artificial neural network and may probabilistically
present presence or absence of the mental disorder for the
patient. Referring to FIG. 2, the processor 140 may output
a test protocol for the patient as a guideline for the mental
disorder diagnosis of the patient based on the analysis results
of the first artificial neural network and the analysis results
of the second artificial neural network. The processor 140
may provide the test protocol based on the test region and
the test process.

The processor 140 may output information regarding
whether the patient has a mental disorder and the corre-
sponding probability based on the first artificial neural
network. The processor 140 may determine at least one test
region in the brain image. In addition, the processor 140 may
detect a relative importance of each of data items of medical
multimodal data based on the first artificial neural network.
The first artificial neural network may be configured based
on at least one of a class activation mapping; (CAM)
scheme, a convolutional neural network (CNN), and a fully
connected neural network.

According to an example embodiment, with respect to
medical single-modal data, the first artificial neural network
may be configured as illustrated in FIGS. 3A and 3B and
may analyze the medical single-modal data and visualize the
medical single-modal data as illustrated in at least one of
FIGS. 4A, 4B, 4C, and 4D. For example, the medical
single-modal data may be a brain image of the patient
acquired through MRI and the processor 140 may visualize
the test region in the brain image of the patient based on the
first artificial neural network. For example, the first artificial
neural network may probabilistically output information
regarding whether the patient has a mental disorder from the
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brain image of the patient based on a deep CNN as illus-
trated in FIG. 3A. The first artificial neural network may
output a test image from the deep CNN by applying a CAM
scheme as illustrated in FIG. 3B. Here, referring to FIGS.
4A, 4B, 4C, and 4D, the first artificial neural network may
visualize the test region through the test image. At least one
of a position, a shape, a size, and an importance of the test
region may be visualized. Here, the importance of the test
region may be visualized using a predetermined heatmap. As
illustrated in FIG. 4A or 4C, test regions may be visualized
by distributing colors according to the heatmap over the
entire test image. Alternatively, as illustrated in FIG. 4B or
4D, a test region having a highest importance may be
visualized in color according to the heatmap. As another
example, the deep CNN may be replaced with the fully
connected neural network.

According to another example embodiment, with respect
to medical multimodal data, the first artificial neural network
may analyze the medical multimodal data and may visualize
the medical multimodal data. Here, a relative importance of
each of data items of the medical multimodal data may be
visualized. Here, the relative importance of each of the data
items may be visualized using a predetermined heatmap.

The processor 140 may output information regarding
whether the patient has a mental disorder and the corre-
sponding probability based on the second artificial neural
network. The processor 140 may determine the test process
based on the second artificial neural network. According to
an example embodiment, when a plurality of test regions is
determined in the brain image, the test process may include
test order of the plurality of test regions in the brain image.
According to another example embodiment, the test process
may represent order in which data items of medical multi-
modal data are used for the mental disorder diagnosis of the
patient. Here, since each of the data items is used in each of
test stages, the test process may be represented as progress
order of the test stages. The second artificial neural network
may be a visual attention model configured based on a deep
recurrent neural network (RNN) and reinforcement learning.

According to an example embodiment, with respect to
medical single-modal data, the second artificial neural net-
work may be configured based on the deep RNN and the
reinforcement learning as illustrated in FIG. 5 and may
determine test order for the medical single-modal data as
illustrated in at least one of FIGS. 6A, 6B, and 6C. For
example, the medical single-modal data may be a brain
image of the patient acquired through MRI. Here, when test
regions are determined in the brain image of the patient, the
second artificial neural network may determine test order of
the test regions in the brain image. Through this, the second
artificial neural network may provide test order of test
regions in the brain image as illustrated in at least one of
FIGS. 6A, 6B, and 6C.

According to another example embodiment, with respect
to medical multimodal data, the second artificial neural
network may be configured based on the deep RNN and the
reinforcement learning and may determine test order for the
medical multimodal data. Here, order, that is, progress order
of'test stages in which data items of the medical multimodal
data may be determined.

FIG. 7 is a flowchart illustrating a method performed by
the computer system 100 according to example embodi-
ments. Here, FIG. 7 illustrates an example of a method of
automatically searching for a mental disorder diagnosis
protocol by the computer system 100. For example, mental
disorder may include autism spectrum disorder (ADS).
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Referring to FIG. 7, in operation 710, the computer
system 100 may determine at least one test region in a brain
image of a patient based on a first artificial neural network.
The first artificial neural network may be configured based
on at least one of a CAM scheme, a deep CNN, and a fully
connected neural network. The processor 140 may analyze
vectorized medical multimodal data being input, based on
the first artificial neural network. Here, the medical multi-
modal data may include a plurality of data items acquired
using different methods and the data items may include the
brain image and at least one another data item. The processor
140 may output information regarding whether the patient
has a mental disorder and a corresponding probability based
on the first artificial neural network. The processor 140 may
determine at least one test region in the brain image. The test
region may represent a region to be examined for the mental
disorder diagnosis in the brain image. Here, the processor
140 may visualize at least one of a position, a shape, a size,
and an importance of the test region in the brain image.
Here, the processor 140 may visualize the importance of the
test region using a predetermined heatmap. In addition, the
processor 140 may detect a relative importance of each of
data items of medical multimodal data based on the first
artificial neural network. Here, the processor 140 may
visualize a relative importance of each of the data items of
the medical multimodal data. Here, the processor 140 may
visualize the relative importance of each of the data items
using a predetermined heatmap.

In operation 720, the computer system 100 may determine
a test process for the patient based on a second artificial
neural network. Here, the second artificial neural network
may be a visual attention model configured based on a deep
RNN and reinforcement learning. The processor 140 may
analyze vectorized medical multimodal data being input,
based on the second artificial neural network. The processor
140 may output information regarding whether the patient
has a mental disorder and a corresponding probability based
on the second artificial neural network. The processor 140
may determine the test process based on the second artificial
neural network. According to an example embodiment,
when a plurality of test regions is determined in the brain
image, the test process may include test order of the plurality
of test regions in the brain image. According to another
example, the test process may represent order in which data
items of medical multimodal data are used for the mental
disorder diagnosis of the patient. Here, since each of the data
items is used in each of test stages, the test process may be
represented as progress order of the test stages.

In operation 730, the computer system 100 may provide
a test protocol for the patient based on the test region and the
test process. The test protocol represents a test policy for the
mental disorder diagnosis of the patient. The processor 140
may output the test protocol for the patient as a guideline for
the mental disorder diagnosis of the patient based on the test
region and the test process.

Through this, the user of the computer system 100, for
example, medical staff such as a doctor may perform the
mental disorder diagnosis for the patient based on the test
protocol for the patient. That is, the user may concentratively
examine the test region in the brain image. Here, the user
may examine the test region based on an importance of each
corresponding test region. The user may examine each of
data items of medical multimodal data based on each
corresponding importance. The user may examine test
regions in test order of the test regions based on the test
process. The user may examine each of data items in each of
test stages in progress order of the test stages based on the
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test process. Therefore, the user may further accurately and
easily diagnose mental disorder of the patient. Here, the user
may probabilistically diagnose presence or absence of the
mental disorder of the patient and may predict the severity
of the mental disorder, which may lead to reducing an
amount of time and cost used for the mental disorder
diagnosis and further quickly performing the mental disor-
der diagnosis at high reliability.

According to example embodiments, the computer system
100 may automatically search for a highly reliable mental
disorder diagnosis protocol through an application machine
learning based on an artificial neural network and a method
thereof. Here, the computer system 100 may determine a test
region to be examined for a mental disorder diagnosis in a
brain image and a test process for the mental disorder
diagnosis and may provide a test protocol for a patient as a
guideline for a mental disorder diagnosis of the patient based
on the determined test region and test process. Through this,
the user of the computer system 100 may more accurately
and easily diagnose a mental disorder of the patient based on
the test protocol. Here, the user may probabilistically diag-
nose presence or absence of the mental disorder of the
patient and may predict the severity of the mental disorder,
which may lead to reducing an amount of time and cost used
for the mental disorder diagnosis and further quickly per-
forming the mental disorder diagnosis at high reliability.

A method performed by the computer system 100 accord-
ing to example embodiments may include operation 710 of
determining at least one test region to be examined for a
predetermined mental disorder diagnosis in a brain image of
a patient based on a first artificial neural network, operation
720 of determining a test process for the mental disorder
diagnosis for the patient based on a second artificial neural
network, and operation 730 of providing a test protocol for
the mental disorder diagnosis for the patient based on the test
region and the test process.

According to example embodiments, operation 710 of
determining the test region may include visualizing at least
one of a position, a shape, a size, and an importance of the
test region in the brain image.

According to example embodiments, operation 710 of
determining the test region may include visualizing the
importance using a predetermined heatmap.

According to example embodiments, the first artificial
neural network may be configured based on a CAM scheme
and at least one of a CNN and a fully connected neural
network.

According to example embodiments, a plurality of test
stages may be present for the mental disorder diagnosis, and
the test process may include progress order of the plurality
of test stages.

According to example embodiments, when a plurality of
test regions is determined in the brain image, the test process
may include test order of the plurality of test regions.

According to example embodiments, the second artificial
neural network may be a visual attention model that is
configured based on a deep RNN and a reinforcement
learning.

According to example embodiments, the method may
further include probabilistically presenting presence or
absence of the mental disorder for the patient based on the
first artificial neural network and the second artificial neural
network.

According to example embodiments, the mental disorder
may include ADS.

The computer system 100 according to example embodi-
ments may include the memory 130 and the processor 140
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configured to connect to the memory 130 and to execute at
least one instruction stored in the memory 130.

According to example embodiments, the processor 140
may determine at least one test region to be examined for a
predetermined mental disorder diagnosis in a brain image of
a patient based on a first artificial neural network, may
determine a test process for the mental disorder diagnosis for
the patient based on a second artificial neural network, and
may provide a test protocol for the mental disorder diagnosis
for the patient based on the test region and the test process.

According to example embodiments, the processor 140
may visualize at least one of a position, a shape, a size, and
an importance of the test region in the brain image.

According to example embodiments, the processor 140
may visualize the importance using a predetermined heat-
map.

According to example embodiments, the first artificial
neural network may be configured based on a CAM scheme
and at least one of a CNN and a fully connected neural
network.

According to example embodiments, a plurality of test
stages may be present for the mental disorder diagnosis, and
the test process may include progress order of the plurality
of test stages.

According to example embodiments, when a plurality of
test regions is determined in the brain image, the test process
may include test order of the plurality of test regions.

According to example embodiments, the second artificial
neural network may be a visual attention model that is
configured based on a deep RNN and a reinforcement
learning.

According to example embodiments, the processor 140
may be configured to probabilistically present presence or
absence of the mental disorder for the patient based on the
first artificial neural network and the second artificial neural
network.

According to example embodiments, the mental disorder
may include ADS.

The systems and/or apparatuses described herein may be
implemented using hardware components, software compo-
nents, and/or a combination thereof. For example, a pro-
cessing device and components described herein may be
implemented using one or more general-purpose or special
purpose computers, such as, for example, a processor, a
controller, an arithmetic logic unit (ALU), a digital signal
processor, a microcomputer, a field programmable gate array
(FPGA), a programmable logic unit (PLU), a microproces-
sor, or any other device capable of responding to and
executing instructions in a defined manner. The processing
device may run an operating system (OS) and one or more
software applications that run on the OS. The processing
device also may access, store, manipulate, process, and
create data in response to execution of the software. For
purpose of simplicity, the description of a processing device
is used as singular; however, one skilled in the art will
appreciated that a processing device may include multiple
processing elements and/or multiple types of processing
elements. For example, a processing device may include
multiple processors or a processor and a controller. In
addition, different processing configurations are possible,
such as parallel processors.

The software may include a computer program, a piece of
code, an instruction, or some combination thereof, for inde-
pendently or collectively instructing or configuring the pro-
cessing device to operate as desired. Software and/or data
may be embodied permanently or temporarily in any type of
machine, component, physical equipment, virtual equip-
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ment, computer storage medium or device, or in a propa-
gated signal wave capable of providing instructions or data
to or being interpreted by the processing device. The soft-
ware also may be distributed over network coupled com-
puter systems so that the software is stored and executed in
a distributed fashion. In particular, the software and data
may be stored by one or more computer readable storage
mediums.

The methods according to the example embodiments may
be recorded in non-transitory computer-readable media
including program instructions to implement various opera-
tions embodied by a computer. Here, the media may be to
continuously store a computer-executable program or to
temporarily store the same for execution or download. Also,
the media may include, alone or in combination with the
program instructions, data files, data structures, and the like.
The media and program instructions may be those specially
designed and constructed for the purposes, or they may be
of'the kind well-known and available to those having skill in
the computer software arts. Examples of non-transitory
computer-readable media include magnetic media such as
hard disks, floppy disks, and magnetic tape; optical media
such as CD ROM disks and DVD; magneto-optical media
such as floptical disks; and hardware devices that are spe-
cially to store and perform program instructions, such as
read-only memory (ROM), random access memory (RAM),
flash memory, and the like. Examples of other media may
include recording media and storage media managed by an
app store that distributes applications or a site, a server, and
the like that supplies and distributes other various types of
software. Examples of program instructions include both
machine code, such as produced by a compiler, and files
containing higher level code that may be executed by the
computer using an interpreter.

The example embodiments and the terms used herein are
not construed to limit the technique described herein to
specific example embodiments and may be understood to
include various modifications, equivalents, and/or substitu-
tions. Like reference numerals refer to like elements
throughout. As used herein, the singular forms “a,” “an,” and
“the,” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. Herein, the expres-
sions, “A or B,” “at least one of A and/or B,” “A, B, or C,”
“at least one of A, B, and/or C,” and the like may include any
possible combinations of listed items. Terms “first,” “sec-
ond,” etc., are used to describe various components and the
components should not be limited by the terms. The terms
are simply used to distinguish one component from another
component. When a component (e.g., a first component) is
described to be “(functionally or communicatively) con-
nected to” or “accessed to” another component (e.g., a
second component), the component may be directly con-
nected to the other component or may be connected through
still another component (e.g., a third component).

The term “module” used herein may include a unit
configured as hardware, software, or firmware, and may be
interchangeably used with, for example, the terms “logic,”
“logic block,” “part,” “circuit,” etc. The module may be an
integrally configured part, a minimum unit that performs at
least one function, or a portion thereof. For example, the
module may be configured as an application-specific inte-
grated circuit (ASIC).

According to the example embodiments, each of the
components (e.g., module or program) may include a sin-
gular object or a plurality of objects. According to the
example embodiments, at least one of the components or
operations may be omitted. Alternatively, at least one
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another component or operation may be added. Alternatively
or additionally, a plurality of components (e.g., module or
program) may be integrated into a single component. In this
case, the integrated component may perform one or more
functions of each of the components in the same or similar
manner as it is performed by a corresponding component
before integration. According to the example embodiments,
operations performed by a module, a program, or another
component may be performed in sequential, parallel, itera-
tive, or heuristic manner. Alternatively, at least one of the
operations may be performed in different sequence or omit-
ted. Alternatively, at least one another operation may be
added.
While this disclosure includes specific example embodi-
ments, it will be apparent to one of ordinary skill in the art
that various alterations and modifications in form and details
may be made in these example embodiments without depart-
ing from the spirit and scope of the claims and their
equivalents. For example, suitable results may be achieved
if the described techniques are performed in a different
order, and/or if components in a described system, architec-
ture, device, or circuit are combined in a different manner,
and/or replaced or supplemented by other components or
their equivalents. Therefore, the scope of the disclosure is
defined not by the detailed description, but by the claims and
their equivalents, and all variations within the scope of the
claims and their equivalents are to be construed as being
included in the disclosure.
What is claimed is:
1. A method performed by a computer system, the method
comprising:
determining at least one test region to be examined for a
predetermined mental disorder diagnosis in a brain
image of a patient based on a first artificial neural
network, wherein the first artificial neural network is
configured based on a class activation mapping (CAM)
scheme and at least one of a convolutional neural
network (CNN) or a fully connected neural network;

determining a test process for the predetermined mental
disorder diagnosis for the patient based on a second
artificial neural network; and

providing a test protocol for the predetermined mental

disorder diagnosis for the patient based on the test
region and the test process.

2. The method of claim 1, wherein the determining of the
test region comprises visualizing at least one of a position,
a shape, a size, and an importance of the test region in the
brain image.

3. The method of claim 2, wherein the determining of the
test region comprises visualizing the importance using a
predetermined heatmap.

4. The method of claim 1, wherein a plurality of test stages
is present for the mental disorder diagnosis, and

wherein the test process comprises progress order of the

plurality of test stages.

5. The method of claim 1, wherein the test process
comprises test order of a plurality of test regions when the
plurality of test regions is determined in the brain image.

6. The method of claim 1, wherein the second artificial
neural network is a visual attention model that is configured
based on a deep recurrent neural network (RNN) and a
reinforcement learning.

7. The method of claim 1, further comprising:

probabilistically presenting presence or absence of the

mental disorder for the patient based on the first arti-
ficial neural network and the second artificial neural
network.
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8. The method of claim 1, wherein the mental disorder
comprises autism spectrum disorder (ASD).

9. A computer system comprising:

a memory; and

a processor configured to connect to the memory and to

execute at least one instruction stored in the memory,
wherein the processor is configured to:
determine at least one test region to be examined for a
predetermined mental disorder diagnosis in a brain
image of a patient based on a first artificial neural
network, wherein the first artificial neural network is
configured based on a class activation mapping (CAM)
scheme and at least one of a convolutional neural
network (CNN) or a fully connected neural network,

determine a test process for the predetermined mental
disorder diagnosis for the patient based on a second
artificial neural network, and

provide a test protocol for the predetermined mental

disorder diagnosis for the patient based on the test
region and the test process.

10. The computer system of claim 9, wherein the proces-
sor is configured to visualize at least one of a position, a
shape, a size, and an importance of the test region in the
brain image.

11. The computer system of claim 10, wherein the pro-
cessor is configured to visualize the importance using a
predetermined heatmap.

12. The computer system of claim 9, wherein a plurality
of test stages is present for the mental disorder diagnosis,
and

wherein the test process comprises progress order of the

plurality of test stages.

13. The computer system of claim 9, wherein the test
process comprises test order of a plurality of test regions
when the plurality of test regions is determined in the brain
image.

14. The computer system of claim 9, wherein the second
artificial neural network is a visual attention model that is
configured based on a deep recurrent neural network (RNN)
and a reinforcement learning.

15. The computer system of claim 9, wherein the proces-
sor is configured to probabilistically present presence or
absence of the mental disorder for the patient based on the
first artificial neural network and the second artificial neural
network.

16. The computer system of claim 9, wherein the mental
disorder comprises autism spectrum disorder (ASD).

17. A non-transitory computer-readable record medium
storing instructions that, when executed by a processor,
cause the processor to perform a method comprising:

determining at least one test region to be examined for a

predetermined mental disorder diagnosis in a brain
image of a patient based on a first artificial neural
network, wherein the first artificial neural network is
configured based on at least one of a class activation
mapping (CAM) scheme, at least one of a convolu-
tional neural network (CNN), or a fully connected
neural network;

determining a test process for the predetermined mental

disorder diagnosis for the patient based on a second
artificial neural network; and

providing a test protocol for the predetermined mental

disorder diagnosis for the patient based on the test
region and the test process.

18. The non-transitory computer-readable record medium
of claim 17, wherein the determining of the test region
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comprises visualizing at least one of a position, a shape, a
size, and an importance of the test region in the brain image,
and
wherein the test process comprises test order of a plurality
of test regions when the plurality of test regions is 5
determined in the brain image.
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